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A B S T R A C T 
The theme of the thesis i s to present info m a t ion on the 
chemical biology of f i sh . However, because of the influence of 
anatomical heterogeneity on' quant i ta t ive biochemical data , the 
d i s t r i bu t i on of some const i tuents in the somatic t i ssues of 
te leos tean species was also examined. Concentrations of pro te in , 
f a t , water, ash and cholesterol ' in 'red* and 'white1 muscles, and 
l i v e r of two r iver ine ca t - f i shes , namely, Wallagonia a t t u (Schn.) 
and Rita r i t a (Ham.) were determined, while RNA and MA in the 
s k e l e t a l muscle, hea r t , kidney and l i v e r of Clar ias batrachus 
( l i n n . ) , an a i r breathing ca t - f i sh , were analysed quan t i t a t ive ly . 
Heterogeneity in the d i s t r ibu t ion of these organic and inorganic 
const i tuents has been in te rpre ted , especial ly in the l igh t of 
anatomical and physiological charac te r i s t i c s of the various 
t i s s u e s . 
Sex-linked differences in the concentrations of some 
biochemical components of muscle and l i v e r of Clar ias batrachus 
were studied in two different stages of maturation of the f i sh . 
RNA and MA in the muscle, and cholesterol and glycogen in the 
l i v e r , were invest igated in the recovering spents , whereas fat 
was determined in the l i v e r of the individuals in the ripening 
phase. Biochemical differences in the two sexes have been 
explained on the basis of the avai lable information on the 
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biology and physiology of the ca t - f i sh . To subs tan t ia te 
discussion on chemical const i tuents of l i v e r , the hepato-
somatic indices of some t e l eos t s were also determined. KeSta-
t ionships of SNA concentrations in the muscle and l i v e r of 
Clar ias batrachus with ponderal index and l i v e r condition of 
Clar ias batrachus have been established and elaborated in 
d e t a i l . 
Quantitative variations in the nucleic acids in the 
* white* muscle of Wallagonia a t t u during doubling of i t s body 
length were worked out and efforts have been made to co r re l a t e 
these changes with cer ta in factors in a way as to indica te the 
* cause and effect * r e l a t i o n s . 
Data was also collected on the MA contents of the 
r i p e , unspanned and unfe r t i l i zed eggs of Channa punctatus 
Bloch. , Ri ta r i t a and Mastacembelus armatus ( l a c e p . ) . Using 
c e l l u l a r DNA contents attempt was made to es tab l i sh probable 
pylogenetic re la t ionships and evolutionary l ines of t e l e o s t 
f i shes . 
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presented the data in a separate chapter of the t h e s i s . 
Data was collected on the concentrations of proximate 
"biochemical const i tuents (p ro te in , f a t , water, ash) and 
choles terol i n the «red* (dark) and 'white* ( l i g h t ) muscles 
and l i v e r of two species of r iver ine ca t - f i shes , Vfanagonia 
a t t u (Schn.) and Rita r i t a (Ham.), while the quant i ta t ive 
va r i a t ions in the nucleic acids were observed i n hea r t , kidney, 
l i v e r and ske le ta l muscle of an a i r -breathing freshwater c a t -
f i sh cn.arias batrachus ( Idnn . ) . 2Ms piece of work brought 
to l i g h t the influence of anatomical heterogeneity on the 
'biochemical data and some physiological cha rac te r i s t i c s of 
the t i s s u e s , and also cautioned against taking t i s sue samples 
from unspecified loca t ions , in attempts to e s tab l i sh the 
ef fec t of b iological factors on chemical composition of f i s h . 
As fa r as the se lec t ion of red, white,muscles and l i v e r i s 
concerned, the aim was also to venture in to a h i the r to contro-
v e r s i a l f i e ld of study and bring for th cer ta in f ac t s remote 
from scepticism. A survey of l i t e r a t u r e reveals an unpreceden-
ted i n t e r e s t in the biochemical and physiological a f f i n i t i e s 
of the red muscle of f i sh . Some of the notable contr ibut ions 
\ including also the ones arousing controversies i n t h i s f i e ld 
being those of Matsura & Hashimeto (1954), Braekkan (1956, 1959), 
Mori e£ ajL. (1956), Masukawa et a i . (1957), Boddeke e t a i . (1959). 
Sai to e± a l . (1959), Barets (19^1), Nakano (19^1), Kit tenberger 
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& Oros (1961) , George ( 1962) , Butt Kus ( 1963) , Dyer e± a l . 
(1963), Ogata & Mori (19 6 3) , Bone (1966), Mellgreen & Mathisen 
(1966), Ackman & Cormier (1967), Nishihara O967) , l i n n e£ a^. 
(1974), George (1975), J a f r i & Mustafa (19761a), Mustafa & J a f r i 
( 1976TD) , Mukundan e j a^. (1979). Elaborate reviews have "been 
given by Love (1970) and Mustafa (1976). 
For s tudies on sex-linked "biochemical differences i n 
CIarias batrachus. the const i tuents selected were choles te ro l , 
glycogen, f a t , BNA and MA. Cholesterol and glycogen were 
analysed i n the l i v e r of recovering spent f i shes , l i v e r fa t 
was estimated i n specimens with gonads i n ripening phase, 
while MA and WA were quanti tated in the white muscle of 
recovering spent ind iv idua l s . The chemical effects of sex 
differences a t one or the other stage of maturation or on a 
non-seasonal basis have been explained e a r l i e r in the l i g h t of 
the r e l a t i v e deplet ion suffered by the two sexes due to bu i ld-
ing up of gonads (Holding, 1934; PQxa, 1936a,b; Eo*rdyl, 1951; 
Fontaine & Hatey, 1953; Vinogradov, 1953; Bailey, 1957; Keiz, 
1959; Chang & I d l e r , i960; Jacquot, 1961; Robertson e± a^., 
1961; l ann i , 1961; Schmidt & I d l e r , 1962; Herrera & Munoz, 
1963; Fisher , 1964; P h i l l i p s e£ a^., 1964; Shar ra t t e j a^. , 
1964; Bentley & F o l l e t t , 1965; Mc Cartney, 1965, 1966, 19 67; 
Ziecik & Slawinski, 1965; I d l e r & Trascott , 1966; piack & 
Woodhead, 1966; Fagerlund, 1967; lamashita, 1967). Love (1970) 
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reviewed these and some other re la ted reports i n more 
d e t a i l . However,in view of the inadequacies of the explana-
t ions furnished in the various publ icat ions , a determined 
e f for t was made toy the author to enlarge the sphere of the 
work and t h i s yielded encouraging r e s u l t s . 
Biochemical s tudies on growth of f i sh and somatic 
and organ condition included the 1) analyses of quant i ta t ive 
va r ia t ions in BETA and DNA i n the white muscle of freshwater 
t e l eos t Wailagpnia a t t u . popularly referred to as • freshwater 
shark* "because of i t s highly predaceous hab i t , and 2) evaluation 
of the re la t ionsh ip between ENA concentration in f lesh (white 
muscle) and somatic condition of Clari aa batrachus as well as 
t ha t between ENA concentration and l i v e r •condition* of t h i s 
t e l e o s t , with the objective of determining su i t ab le biochemical 
i n d i c a t o r s ) of recent growth r a t e s . As a separate but re la ted 
piece of inves t iga t ion , the hepato-somatic indices of some 
spacies of f i shes , namely Mvstus v i t t a t u s (Bloch), Puntius 
sophore (Ham.), Channa punctatus Bipj?h» and Colisa fasciajg, 
(Val.) were worked out mainly to supplement information on 
l i v e r condition obtained through biochemical observations. 
DNA content of the r i p e , unspawned and unfe r t i l i zed 
eggs of three te leos tean species , Mastacembelus armatus (Lacep.) , 
Ri ta r i t a (Ham.) and Channa punctatus Bloch was estimated and 
the data has been in terpre ted to explain the phylogenetic and 
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evolutionary re la t ionships of f i shes . This was the f i r s t ever 
attempt on c e l l u l a r OTA content of the eggs, "because i n the 
past the OTA content of the red blood c e l l s and sperms was 
analysed. The present approach, however, appears more convenient, 
and accurate and l e s s problematical . With the introduct ion of 
these biochemical techniques i t i s hoped the v a l i d i t y of 
phylogenetic re la t ionships of f ishes established by older 
methods based on morphological charac ters , wi l l be t e s ted , 
sub jec t iv i ty minimized and a b e t t e r understanding of the 
exact nature of evolutionary process of di f ferent groups of 
f ishes imparted. Since MA i s a genetic mater ia l , carrying 
the inher i tance cha rac t e r i s t i c s from generation to generat ion, 
i t was believed tha t i t s use i n phylogenetic and evolutionary 
problems will be more f ru i t fu l than the conventional morpho-
log ica l c r i t e r i a . 
I t must be evident from the work presented here in 
the form of a thes i s tha t the main upthrust i s on nucleic ac ids . 
This i s pa r t i cu l a r l y because of the unique roles played by 
these macromolecules tha t an understanding of t h e i r chemical, 
physical and biological proper t ies has become an important 
aspect of biochemistry or chemical biology, and appears a major 
problem of the present t ime. 
Fa i r ly extensive data on the nucleic acid concentrations 
in different normal t i s sues of memmais has been compiled by 
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Chargaff & Davidson (1955). Some of the more followup s tudies 
on mammalian tissues are those of Petersen & Baserga (1965), 
inderson & Hol l i f ie id ( 1966) , Benjamin & Geiihorn ( 1966), 
Braun e t a i . (1966); Geiihorn & Benjamin (1966), Young & 
Alexis (1968), Hayashi & Kaymierowski (1972), Duviianski e£ a^. 
(1975), Blobel & Po t t e r (1976), Garlic & Burk (1976), Gibb e£ a^. 
(1976), Stocco et a i . (1976), Blokh e£ a^. (1979), Maher e t a^. 
(1979), pankova & Grishanova (1979), Bazumorskaya e& a^. (1979), 
Terpestra si M . (1979)» Besides, work on nucleic acids of 
"birds i s also on record (Summers & Fisher , 1962; Inastasova-
Kris teva e± a^. 1975; Desveaux-Chabrol, 1976; pai iak & Fallon, 
1976; Shinohara & Piat igorsky, 1976). 
I t seems from a general survey of l i t e r a t u r e tha t the 
f i e ld of f i sh nucleic acids i s s t i l l in i t s v i r g i n s tage . 
Rela t ive ly fewer invest igat ions have "been made on the nucleic acids 
i n f i shes and much more work i s needed to cor re la te vas t mass 
of information. l o t a b l e findings can he reviewed here . Love 
(1958) described the differences in IMA concentration i n 
d i f fe ren t locat ions of the musculature of l o r t h Sea Cod (jgadus 
c a i i a i i a s ) and also presented data on the quant i ta t ive v a r i a -
t ions in th i s nucleic acid re la ted to-season and growth. !Eie 
ef fec t of increase in the number and s ize of c e l l s on the nucleic 
acids i n the epaxial muscle of rainbow t rout CSaimo ga i rdner i i ) 
during growth was reported by lu<luet & Durand (1970). Giurca & 
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Radulsea (1971) and Giurca (1972) wo iked out the dynamics of 
seasonal changes in the ENA and DNA of the p i t u i t a r y gland and 
gonad of grass carp, Ctenopharvngodon i d e l l a . Findings on 
seasonal changes in the nucleic acids i n l i v e r , and red and 
white muscles of te leos tean f ishes have also been published 
(Satomi & Ishida, 1976; Satomi & Tanaka, 1978 a , b ) . 
Creelman & (Fomlinson (1959) outl ined the r e su l t s of 
the analyses of ENA and DNA i n different t i s sues of sockeye 
| salmon (Oncorvnchus nerka) a t different stages of spawning 
migration, hut did not discuss the underlying mechanisms. 
Bulow (1970, 1974) established the re la t ionships 
"between nucleic acid concentrations and growth of f ishes and 
documented the app l i cab i l i ty of MA-MA ra t i o s i n assessing 
the recent growth r a t e s . Select ion of su i table t i s sues for . 
these biochemical s tudies was also discussed by Bulow (1971). 
Haines (1973) pointed out the use of ENA-DNA r a t i o s as measures 
of long-term growth i n f i sh populations. Bulow ej; ao .^ (1978) 
compared two b l u e g i l l (Lejooj&s macro chirus) populations' by means 
I of the ENA-DNA ra t io s and l iver-somatic index; the data was 
corre la ted with the r e l a t i v e food intake and growth r a t e . 
Bouche et a],. ( 1970) invest igated the influence of fas t ing 
and r e - n u t r i t i o n of carp, Cyprinus carpio on the nucle ic acids 
of the l i v e r , Informations, on the nucleic acid content of 
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rainbow t rou t t i s sues under different conditions of n u t r i t i o n 
was furnished by Satomi & lose ( 1971) and Satomi & Tanaka 
(1978 a , b ) . Satomi (1972) described the changes i n the amounts 
of nucleic acids in un i t weight of carp t i s sues during the 
process of growth, and evaluated the ENA-MA ra t i o s in fishes 
reared in f e r t i l i z e d ponds. Buckley ( 1979a) found tha t the 
BRA-ESSTA ra t io was useful for the diagnosis of the s tarving 
| condition in Winter founder (Pseudopieuronectus americanus^ 
l a r v a e . The same author (1979 b) also determined the changes 
i n t o t a l MA, MA and protein content during development of 
At lant ic Cod (Gadus morhua) larvae at different prey dens i t i e s , 
to explain the effect of s ta rva t ion and also the re la t ionships 
between ENA-3MA r a t i o , prey densi ty and growth r a t e . 
L i te ra ture on the turnover of nucleic acids i n f resh-
water t e i eos t s of Horthern India i s also, growing. Differences 
i n the concentrations of MA and UTA i n the dark and white 
muscles of minor carp, Barbus stigma (puntius souhore^ were 
recorded by Ja f r i & Mustafa ( 1976a) , Mustafa & Ja f r i ( 1976a) 
published quant i ta t ive data on EHA and DNA in the two types 
of muscles of ca t - f i sh Mvstus v i t t a t u s and t h e i r changes during 
growth of the f i sh in the pre-maturity phase. Similar s tudies 
on major carps, Catla c a t i a . Labeo rohi ta and Labeo bata were 
carr ied out by Mistafa (1977a). !Sie influence of sexual matura-
t ion on the nucleic acid concentrations i n the white muscle of 
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CI a r i a s batrachus has also been authenticated (Mustafa, 1977b). 
Mustafa & J a f r i (1977) described the pat tern of changes i n the 
S¥A and protein l eve l s in the f lesh of the murrei Channa 
•ounctatus by establ ishing logarithmic r e l a t ionsh ips . The 
difference in the nucleic acid concentrations in the trunk and 
t a i l regions of the musculature have also been reported by 
Mustafa (1978 b) and Mustafa & Ja f r i (1978) for ca t - f i sh 
Heteronneustes f o s s i l i s and Channa punctatus. respec t ive ly . 
[Ehrough regression models Mustafa (1979) expressed the 
r e l a t i o n of ENA biosynthesis i n Channa punctatus to • f i l l e t 
condition factor* on the one hand and to prote in synthesis on 
the other . Sarkar e£ a^. (1979) indicated the changes in 
nucleic acid and protein content during embryonic development 
of Heteropneustes f o s s i l i s and examined the ef fect of i n h i b i t o r s . 
I n the same f i sh Chaudhuri e± a^. ( 1979) referred to the 
changing pa t te rn of ENA synthesis and EN A polymerases during 
emb ryogenesis. 
I n analyses of nucleic acids a t t i s sue l e v e l , the 
cor re la t ion of t h e i r concentration with any l i f e process i s 
usual ly handicapped by lack of any d i s t inc t ion between whether 
a change has been d i rec t ly caused by a factor through a l t e r a -
t i o n of pathway i n biosynthesis or i t i s an effect of some other 
phenomenon induced by tha t pa r t i cu la r f ac to r . As such the role 
of a b iological fac tor i s influencing the chemical make up of 
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f i sh t i s sues can only "be doubtfully elucidated. However, an 
attempt was made in the wo33c on growth of Wanagpnia a t tu as 
well as on the sex-linked differences in nucleic acids i n 
CI a r i a s batrachus, to d is t inguish , as f a r as poss ib le , the 
cause and effect r e l a t i o n s . The l a t e r study was car r ied out 
when the f i sh was in the recovering spent phase, s ince t h i s 
s tage i s characterized by Tesynthesis of a number of c e l l u l a r 
cons t i tuents for the recovery from the deplet ion which occurs 
due to maturation of gonads.' I n addit ion to leading to an 
ins igh t i n to the biochemical and physiological differences in 
the two sexes, the work also brought to l i g h t the occurrence of 
the phenomenon of *gene de-repression1 and pointed out the 
cytoplasmic influence on gene expression. This i s one of the 
important achievements of the present contr ibution since l i t t l e 
i s known about the biochemical or physiological basis of the 
ac t iva t ion or de-repression of genes a t various s tages , although 
i t i s understood ra ther vaguely tha t cytoplasmic st imulat ing . 
substance must be required in a c r i t i c a l concentration to be 
ef fec t ive (Giese, 1973). 
C la r i f i ca t ion must be made of a t l e a s t two terms 
• content1 and * concentration* which have been extensively used in 
t h i s t h e s i s . In the l i t e r a t u r e these terms are often employed 
wrongly as synonyms. I n the present descr ipt ion the term 'content* 
i s used when r e su l t s are expressed as amounts per c e l l , whereas 
the term * concentration* denotes the amount per un i t weight of 
t i s s u e , as suggested by Lesl ie (1955). 
P S C C B B U E B AND I E T H O D O I O G I 
i 
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and l i v e r immediately removed. Eie sample of white muscle was 
taken from the epaxial portion of trunk ju s t below the place 
of o r ig in of dorsal f in , while the red muscle was obtained 
from the region of l a t e r a l l i n e i n the same loca t ion of t runk. 
I n a l l subsequent s tudies also the white muscle was sampled 
s imi l a r ly . Liver was excised and cleared of the adhering f lu id . 
Known weights of the t i s sue samples were procured separately 
for the determination of prote in , f a t , water, ash and choles-
t e r o l . 
i i ) ffor study of concentrations of nucleic acids i n d i f ferent 
t i s sues of CI a r ias batrachus. 
Individuals of CI a r ias batrachus (mean t o t a l length = 
23.7 cm, standard e r ro r = O.691; Mean body weight. s 108.4 g, 
standard e r ro r « 12.363) were removed from aquaria and k i l l e d 
by decapi ta t ion. Samples of white muscle, hear t , kidney, and 
l i v e r were immediately dissected out and t h e i r known weights 
processed : separate ly for the ext ract ion and quant i ta t ive 
est imations of EN A and MA • 
i i i ) For study of sex-linked differences in the concentrations 
rvP MA and m& i n *he f l e sh nf f l lar iaa batrafihufl i n ,thQ 
recovering spent Phase. 
Fish of mean t o t a l length = 32.7 cm (Standard e r ro r s 
0.499) and mean body weight = 278,2 g (standard e r ro r a 15.134) 
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were removed from aquaria and decapitated* The specimens which 
were in recovering spent phase were dissected out and the sex 
was recorded. Known weights of the white muscle samples were 
t rea ted separate ly for the extract ion of BNA and DNA and e s t i -
mation of t h e i r concentrat ions. 
*
T) ffor study of sex-linked differences in cholesterol and 
glycogen concentrations in the l i v e r of 01 a r ias batraehus 
in recovering spent phase. 
Male and female specimens of Ciarias batrachus (mean 
t o t a l length = 30.7 em, Mean body weight = 253 g) allowed to 
r e s t for about 24 hours were removed from aquaria and k i l l e d 
instantaneously by a sharp blow on the head. l i v e r was imme-
d ia t e ly dissected out and weighed. Known weights of t i s sue 
samples were processed for the determination of glycogen and 
cho les t e ro l . 
Hepato-somatic index was calculated by the following 
equation : 
wet weight of l i v e r (g) 
Wet weight of i n t a c t fish(g) X 1 0 ° 
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•v) For study of sex-linked difference^ in fa t concentration in 
the l i v e r of CI ar ias batrachus i n the ripening: stage of i t s 
gonad. 
Individuals of CI a r ias batrachus (Mean t o t a l length » 
21.8 cm, mean "body weight = 61.3 g) with gonads in ripening 
phase were taken out of aquaria. After decapi ta t ion they were 
dissected and t h e i r l i v e r s were removed and weighed. Liver 
samples of known weight were run for ext rac t ion of f a t . Hepato-
somatic index was evaluated "by the method outl ined e a r l i e r 
( see under 1, V). 
•vi) For study of hepato-somatic indices of some freshwater 
t e i e o s t s in recovering spent phase . 
Immature v i rg ins of Mvstus v i t t a t u s (mean t o t a l length s 
5.1 cm, standard e r ror = 0.229J mean "body weight - 1.7 g, 
standard e r ro r = O.606), puntius sophore (mean t o t a l length = 
5.7 cm, standard e r ro r = 0.308; mean tody weight = 1.4 g; 
standard e r ro r = 0.332) , Channa punctatus (mean t o t a l length s 
8.0 cm; standard e r ro r = 0.537; mean body weight = 4.9 & » 
standard - e r r o r = O.864), and Colisa fasc ia ta (mean t o t a l length= 
5»4 cm, standard e r ror = 0.530; mean body weight - 2.7 g, 
standard e r ro r 0.606) were net ted out of; aquaria and decapi tated. 
were 
fhe specimens/dissected and t h e i r l i v e r s immediately removed and 
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comprising of individuals of t o t a l length 7.5 ± 0.5 cm and 
15.0 + 0.5 cm, respect ively . Only females were selected since 
males were not avai lable in adequate numbers, dheir igonads 
were found in inact ive phase. White muscle sample was dissected 
out and subjected to processing for determination of MA and 
DNA concentrat ions. Fif teen estimations were made of WA and 
a equal number of determination of DNA for each s ize group. 
i x ) For study of the 3MA content of r ipe eggs of some fresh-» 
water t e l eos t s . 
Female individuals of Channa punctatus. Bita r i t a . and 
Mastacembelus armatus were procured when t h e i r ovaries were in 
completely r ipe condit ion. Ovaries were taken out and known 
weights of egg processed for the determination of DNA. Sub-
sample (100 mg) of eggs were also removed from three di f ferent 
regions of each ovary and preserved separate ly i n 10$ formalin. 
®ie numbers of eggs in the sub-samples were ascer ta ined. From 
the amount of MA i n a known number of eggs, the 3WA content 
of s ingle egg c e l l was ca lcula ted . 
(2) MESHOIB OF BIOCHBMCCAL ESQ1EMI0NS 8 
i ) WA3BR J 
For determining the water content i n a t i s sue a known 
amount of fresh sample (0 .5 g) was taken in a pre-weighed s i l i c a 
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crucible and placed in an e l e c t r i c thermostat maintained a t a 
temperature of 100°C for about 18-20 (A.O.A.C., i960) t i l l the 
t i s sue became completely free of moisture. !ftie crucible along-
with i t s contained dry matter was then removed from the thermostat, 
allowed to cool in a dess icator and reweighed. !E!he process was 
repeated several times u n t i l l a constant weight was obtained. 
From the loss of weight the percentage of water was ca lcula ted . 
i i ) JKSH i -
For the estimation of ash quantity a known amount of 
fresh sample (0 .5 g) was placed in a pre-yeighed s i l i c a c ruc ib le , 
dried i n an e l e c t r i c thermostat running a t 100°C and ign i ted a t 
a temperature of about 500-6oO°C, t i l l the sample became white, 
free of carbon. Ehe e n t i r e process was repeated t i l l a constant 
weight was obtained. 5he amount of ash was expressed as percen-
tage on wet weight b a s i s . 
i i i ) H42 s-
Total (crude) f a t was extracted from the t i s sue sample 
by the Soxhlet ext ract ion method,using petroleum ether (Boiling 
point 40-(?0°C) as the solvent . Known amount of fresh t i s sue 
( 1 g ) was taken i n pe t r id i sh , dried a t 100°C for about 48 hours 
and ground thoroughly. A weighed quantity of powdered dry 
sample was taken in Whatman ext rac t ion thimble and plugged with 
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cot ton wool. The ext ract ion of f a t was carr ied out with 
petroleum ether for about 10-12 hours. D i s t i l l a t i o n of the 
solvent from fa t ex t rac t was done by keeping the receiving 
flask on water bath. For complete removal of petroleum e ther 
f rota f a t ex t rac t , the f lask was placed i n an oven ( 100°C). 
F ina l ly , the flask was cooled to room temperature i n a des s i -
ca tor and reveighed. By increase in weight of the f lask, the 
amount of f a t was calculated and expressed as percentage on 
wet weight b a s i s , 
iv ) PROTEIN s-
Prote in was determined by a s l i gh t modification of Wong's 
(1923) micro-Sjeidahl method. A known weight of fresh t i s sue 
( 0 . 1 g) was digested in 5.0 ml of 1:1 sulphuric ac id . Saturated 
potassium persulphate solut ion (0 .5 ml)was used as the oxidizing 
agent . The digest ion was continued t i l l the solut ion i n the 
fl,ask become co lo r l e ss . The digested solut ion was t ransferred 
in to 50 ml volumetric flask and diluted to the mark with d i s t i l l e d 
water. A known volume (0.5 ml) of al iquote from t h i s 50 ml make-
up was ness ler ized by adding Bock & Benedict Nessler* s reagent 
(See Hawk et jO.., 1954). The mixture, following thorough 
shaking, was allowed to stand a t room temperature for about 10 
minutes. The color i n t ens i ty was read on Bausch & Lomb spect -
ronic 20 spectrophotometer a t 480 m u wave length, a f t e r the 
Fig . 1. Standard curve of Nitrogen, 
HH^^^^^H^^^^^^^^^^^^^^^^^^H 
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instrument was adjusted to zero density with blank so lu t ion . 
The i n t e n s i t y of color developed was proportional to the amount 
of ammonium sulphate present i n the solu t ion , The values were 
compared with a standard ca l ib ra t ion curve prepared by record-
ing readings of a se r i es of different d i lu t ions containing 
known amount of ni trogen (Pig. 1 ) . This method gave a d i r ec t 
reading of the amount of t o t a l nitrogen present i n the sample. 
The quanti ty of t o t a l ni trogen was mult ipl ied by the •pro te in 
Factor* (6.25) to get the prote in value. The values were expre-
ssed as percentage on wet weight b a s i s . 
"0 GLYCOGEN : -
Glycogen was extracted from t i s sue sample by the method 
suggested by Ashman & Seed (1975)-and estimated quan t i t a t ive ly 
by the 'technique of Montgomery (1957). A known amount of t i s s u e 
(0 .5 g) was homogenized in 5.0 ml of 1.5$ potassium hydroxide. 
The homogenate was centrifuged a t 3*000-4,000 rtrp.m. fo r 15 
minutes. The supernatant was discarded and the p e l l e t was 
suspended in 5 ml of 1.5$ potassium hydroxide. The contents 
were heated in a boi l ing water-bath for about 30 minutes. The 
sample was then cooled to room temperature and 5.0 ml of 
methanol was added to p rec ip i t a t e the glycogen. The contents 
were mixed and centrifuged again for 15 minutes a t 3,000-4,000 
r .p .m. Siupernatant was discarded and residue suspended in 5.0 ml 
Fig, 2. Standard curve of Glycogen. 
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of 1N-hydrochloric acid. The suspension was heated for 30 
minutes in "boiling water-hath. A known volume of aliquote 
( 0 . 1 ml) was raised to 2.0 ml with d i s t i l l e d water, and t h i s 
was followed by the addition of 5.0 ml of concentrated sulphuric 
acid , 0 .1 ml of 80$ phenol. The contents were mixed thoroughly. 
A "blank was also prepared "by taking d i s t i l l e d water ins tead of 
glycogen ex t rac t and t reated i n s imilar way. After incubation 
fo r 30 minutes a t room temperature, the color i n t ens i t y was 
read a t 490 m u wave length on a Bausch & Lomb spectronic 20 
spectrophotometer, a f t e r se t t ing i t to 100$ transmission with 
the blank. The values were read off against a standard curve 
(F ig . 2 ) , prepared by using standard processed glycogen. 
Glycogen concentration was expressed as mg/g on wet weight, 
b a s i s . 
f i ) CHOLBSTEBOL : -
Cholesterol was estimated according to the procedure of 
Reinhold & Shi e l s as outl ined by Hawk e t a i , ( 1954). A known 
weight (0 .1 g) of t i s sue was placed in approximately 8.0 g of 
anhydrous sodium sulphate. The sample was then dried i n 
thermostat a t a temperature of 100°C for about. 20 hours, cooled 
i n dess ica tor , pulverized and kept i n a Whatman ext rac t ion 
thmible. The thimble was plugged with cotton and t ransferred 
to Soxhlet apparatus. The extract ion of cholesterol was 
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car r ied out for 3 hours, using moisture-free chloroform as the 
so lvent . The ext rac t was made to a volume of 25 ml in a volu-
metr ic f lask . Ten m i l l i l i t e r s of al iquote was taken and mixed 
with 2.0 ml of freshly prepared acet ic anhydride-sulphuric acid 
reagent . After thorough mixing the tubes were placed in a dark 
container a t 25 C for 30 minutes. Besides, a blank so lu t ion 
having 10 ml of choloroform instead of the choles terol ex t rac t 
and an equal volume of working standard solut ion containing 0.6 
mg of choles tero l , were t rea ted in exactly the same way as the 
experimental s e t . The color i n t ens i t y of the solut ions was 
measured on a Bausch & Lomb,.spectronic 20 spectrophotometer a t 
66o m u wave length, a f t e r s e t t i n g the instrument to zero densi ty 
with the "blank. 
Cholesterol content was estimated by the equation: 
Optical density of unknown 100 
*— X 0.3 X -
Optical density of standard 0.4 
mg choles terol per 10 g t i s s u e . 
Prom t h i s value the amount of t o t a l choles terol was calculated 
on wet weight bas is e i t h e r as mg/g or expressed as percentage. 
? i i ) BU A : -
Techniques followed for the extract ion of SNA from the 
t i s sues and i t s quant i ta t ive estimation were the same as described 
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"by Schneider (1957). Known weight of the t i s s u e (0,4 g) was 
homogenized in d i s t i l l e d water (2 ,0 ml) so as to give a 20$ 
homogenate. Two m i l i l i t e r of t h i s homogenate was mixed with 
5.0 ml of cold 10$ t r i ch lo roace t i c acid (TCA) and the contents 
centrifuged for 10 minutes a t 3,000-4,000 r.p.m. The supernatant 
was discarded and the sediment was washed with cold 10$ TCA. 
The process was repeated several times so as to ensure complete 
el imination of acid-soluble and chromogenic substances. For 
removal of l i po ida i mater ia l s , the t i s sue . res idue was t rea ted 
repeatedly with 10 ml of a mixture of ethanol and methanol ( 1 : 1 ) . 
The p e l l e t l e f t a f t e r the removal
 0 f acid soluble, l i po ida i and 
chromogenic materials was suspended in 2.0 ml of 1N potassium 
hydroxide and incubated a t 37 C for 20 hours, a f t e r which 0.4 ml 
of 6N Hydrochloric acid and 2.0 ml of 5$ TCA were added. The 
contents were mixed and centrifuged a t 4,000 r .p .m. for 10-15 
minutes. The c lear supernatant was taken out for the estimation 
of HPT A content by the orcinol react ion. The commercial orcinol 
was purified by dissolving I n "boiling benzene, decolorizing with 
charcoal and c rys t a l l i z ing a f te r adding Hexane. A perfect ly 
white product was obtained in t h i s way. One percent o r ic ino l 
so lu t ion was prepared in concentrated hydrocholoric acid contain-
ing f e r r i c chloride to a concentration of 0 .5$. A known volume 
(0.25 ml) of the a l iquate of the MA ext rac t was di luted to 2.0 
ml with d i s t i l l e d water and an equal quantity (2.0 ml) of the 
Fig. 3 , Standard curve of ENA 
0.600 
RNA ,MS 
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orc inol reagent was mixed and the sample placed in a "boiling 
water-bath for 30 minutes. A "blank was also run i n a s imi lar 
way, taking d i s t i l l e d water instead of the ERA a i iquo te . She 
i n t e n s i t y of the greenish color of the t e s t so lu t ion was read 
on a Bausch and Lomb spectronic 20 spectrophotometer a t 6.6o m u 
wave length af ter se t t ing the instrument to zero densi ty with 
the blank. The values were read off against a ca l ib ra t ion 
curve, prepared by re la t ing the op t ica l densi ty to d i f ferent 
concentrations of ENA (Fig",30,with processed yeast SNA as the 
standard. ENA concentration was recorded as ug/100 mg on wet 
weight b a s i s . 
v i i i ) H A : -
DNA was extracted by the procedure of Webb & L&vj (1955) 
and assayed quant i t a t ive ly by the react ion of cysteine-sulphurie 
acid reagent with the deoxy sugars (Ashwell, 1957). Five m i l l i -
l i t e r s of 20$ homogenate of the sample was prepared in d i s t i l l e d 
water. Methodology used for the removal of acid soluble , 
l i po ida i and chromogenic substances was the same as followed 
in the MA ext rac t ion . The p e l l e t remaining a f t e r this- process-
ing was dehydrated by solvent e ther and placed in e l e c t r i c oven 
for 12 hours. The resu l t ing product i n powdered form repres -
enting 1.0 g of the o r ig ina l fresh sample was suspended in 5.0 
ml of 5$ TCA in pyrex g lass tube. The contents were heated in 
a boi l ing water-bath for 30 minutes. Thereafter they were cooled 
Pig. 4 . Standard curve of MA, 
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t o room temperature in running tap water, The volume of the 
contents a l tered due to the evaporation was adjusted to 5.0 ml 
with % TCA before centr ifugat ion for 15 minutes a t 3*000-4,000 
r .p .m. DNA was determined i n the supernatant by the reac t ion 
of cysteine-sulphuric acid reagent with the deoxyribose of MA. 
A measured volume (0.5 ml) of the aliquote was mixed with 0.05 
ml of freshly prepared % cysteine hydrochloride solut ion i n 
water and 5V0 ml of 70$ cold concentrated sulphuric acid . -The 
mixture was shaken vigorously and allowed to stand a t room 
temperature for 10 minutes. The i n t ens i t y of the pink color 
was read on the spectrophotometer a t 490 m u wave length, 
a f t e r i t was set to 100$ transmission with the "blank. The 
"blank was prepared by subs t i tu t ing d i s t i l l e d water for MA 
a l iquo te . The values were compared with standard curve prepared 
by using highly polymerized calf thymus MA (Fig . 4 ) . Concen-
t r a t i o n of MA was denoted as ug/100 mg on wet weight bas i s , 
except for eggs where MA content was expressed as ug/egg c e l l . 
Detai ls of the aforedescribed biochemical techniques 
have been adopted from the wrk of Mustafa (1976). 
(3) METHODS OF STATISTICAL EVALUATION OF DATA 
Variations in the unpaired data pertaining to lengths and 
weights of f i sh sample used, as well as i n the concentrat ions/ 
contents of the various biochemical const i tuents were evaluated 
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by calculat ing the standard deviation and standard e r ro r . For 
comparing two se t s of data the t - t e s t was appl ied. She degree 
of chemical heterogeneity of the t i ssues was assessed by the 
appl ica t ion of Chi-square (X2) t e s t . (Bie formulae followed in 
these calculat ions were the same as outl ined by Simpson & Eoe 
(1939) and Goulden (1962). For determining the s t a t i s t i c a l 
s ignif icance of difference, the probabi l i ty va lues , corresponding 
to the values of • t* and «X * were read off from the standard 
tab les given by Fisher & l a t e s (1953). 
C H A P T E R I 
DISTRIBUTION OP PROXIMATE BICCHEffiCAL CONSTITUENTS AND CHOLESTEROL 
IN THB BSD, WHITE, MUSCLES AND LITER OP TWO SPECIES OP CAT-PISHES, 
WATXAflONIA ATTU (SCHN.) AND RITA RITA (Hiffin 
INTRODUCTION 
An account of the heterogeneity i n the d i s t r i bu t ion of 
proximate chemical const i tuents (pro te in , f a t , water, ash) and 
cholesterol i n the red and white muscles of Waiiagpnia a t tu (schn.) 
and Bita r i t a (Ham.), i s presented in t h i s chapter. Furthermore, 
data pertaining to these const i tuents in the l i v e r of the f ishes 
was also obtained to confirm the reported biochemical a f f i n i t i e s 
of the red muscle with the l i v e r and some important fac ts t h a t 
emerged from the study have been outlined. 
MATERIALS AND METHODS 
procedures for the sampling of f ish and of the t i s s u e s , 
together with the techniques of ext rac t ion and quant i ta t ive 
determination of the biochemical const i tuents have been described 
e a r l i e r . Methods followed for the s t a t i s t i c a l evaluation of the 
data have also been referenced. Vide 'PROCEDURE AND METHODOLOGY. 
RESULTS AND DISCUSSION 
Results of the quant i ta t ive analysis of proximate b io-
chemical const i tuents and cholesterol in the red and white 
muscles and l i v e r of wailagonia a t tu and Rita r i t a have been 
P i g . 5 . Concentrations of protein (white "bars), fa t (dot ted 
b a r s ) , water (s t r ipped "bars), ash (bars with a cen-
t r a l row of bold spots) , and cholesterol (black bars) 
in the white muscle, red muscle and l i v e r of 
Wallagonia a t t u . Values in parentheses ind ica te 
standard e r ror of mean. 

Fig. 6„ Concentrations of protein (white "bars) , .fat (dotted 
bars) , water (stripped bars) , ash (bars with a cen-
t r a l row of bold spots) , and cholesterol (black bars) 
in the white muscle, red muscle and l iver of Rita 
r i t a . Values in parentheses indicate standard 
error of mean. 
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presented i n Tables I A,B and P igs . 5, 6. 
PROTEIN : - Among the three t i s sues of wailagonia a t t u and 
Ri ta r i t a invest igated, protein concentration was found to 
he highest i n white muscle and lowest in the l i v e r ; the red 
muscle occupied an intermediate pos i t ion . Similar progression 
i n prote in has been reported by Braekkan (1959) for Gadus v i r e n s . 
Hippoglossus hipoglossus. JLamna cornubica. Thunnus thynnus. and 
Mustafa (1976) i n case of CI a r ias batraohus. Higher concentration 
of protein i n white muscle i n comparison with the red has also 
been documented by Fujikawa & Baganuma (1936) and Dyer e£ §2.. 
(1963), Alexander ( 1955) » however, outlined h i s r e s u l t s , 
showing a higher prote in concentration i n the red muscle. 
F A T s- Fat d i s t r ibu t ion in the three t i s sues of the two 
species exhibited marked heterogeneity. l i v e r was r i ches t i n 
fa t i n Wailagonia a t tu fol io wed by red muscle, whereas i n 
Rita r i t a f a t content in the red muscle was higher than i n 
the l i v e r . White muscle contained l e a s t amount of f a t i n both 
the te leos tean spec ies . Data presented by Fujikawa and 
Faganuma (1936) , Alexander (19 55) t Braekkan (1959) 1 George 
(1962), Thurstan (1962) , Zama ( 1963; a) , Dyer e t a l . (1963) , 
(jeorge & Bokdawaia (1964) , Bligh & Scott (1966) and Mustafa 
(1976) also indicated g rea te r fa t concentration i n red muscle 
i n comparison with the white f ibe r s . Accumulation of la rge 
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quant i t i es of fa t in the red muscle shows i t s resemblance 
with l i v e r , a f a t - r i ch in t e rna l organ and also emphasizes i t s 
u n s u i t a b i l i t y as a mechanical t i s s u e . Concordant views have 
been expressed by a number of pioneer inves t iga tors (Braekkan, 
1959; Tsuchiya & Kunii, i960; Bare ts , 196IJ Wittehberger, i960; 
Whittenberger & Oros, 19^1, Mustafa, 1976). 
Braekkan (1956, 1959) viewed the close physical associa-
t i on of red muscle wixh the white as an advantage for easy and 
quick t r ans fe r of metabol i tes , chiefly energy n u t r i e n t s , to the 
l a t e r during muscular a c t i v i t y , when energy requirements are 
high. The findings of Bi l inski ( 1965), B i l i n sk i & Jonas (1964) 
and Jonas & Bi l insk i (19&4) revealing a g rea te r eff iciency of 
red muscle in oxidative degradation of f a t ty ac ids , and the 
physiological s tudies carr ied out by George (1962) and George 
& Bokdawala (1964) indicat ing a higher l ipase a c t i v i t y in t h i s 
t i s s u e , make i t abundantly c lear tha t red muscle i s an important 
seat of u t i l i z a t i o n of l i p i d as the main fuel . 
W A 1' B R : Percentage of water was observed to be higher 
in white muscle of the two ca t - f i shes . Red muscle and l i v e r 
showed an intermediate posi t ion in Wallagonia a t tu and Rita r i t a . 
respect ively . Least amount of water was recorded in the l i v e r 
of Wallagonia a t tu and red muscle of Rita id.ta. 
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A reciprocal r e la t ion between the concentration of fa t 
and water in the three t i s sues of the f ishes invest igated was 
evident from the data. * 
A S H : - Bae values of ash in each of the species were in 
order: white muscle red muscle l i v e r . Inasmuch as a 
t i s sue requires some inorganic substances for performance of 
mechanical a c t i v i t y , g rea te r quant i t ies of ash in the white 
muscle must be expected for t h i s kind of i t s r o l e . I n having 
l e s s e r amount of ash, red muscle exhibited a f f in i ty with l i v e r . 
Data showing comparatively l a rge r concentration of ash in white 
muscle than the red has been furnished by Alexander (1955), 
Braekkan (1959) » Dyer e± a^. (1963) and Mustafa (19 76). 
CHOIBSICBBOL t - Of the three t i s sues of f ishes examined, 
highest cholesterol concentration was recorded in the l i v e r , 
intermediate i n the red muscle and lowest i n the white muscle. 
E a r l i e r biochemical work ( Igarashi e£ §1 . 1957; Mustafa, 1976) 
on the red and white muscles also reports higher choles terol 
l eve l i n former of the two. 
S XT M M A B Y 
Concentrations of various chemical const i tuents i n red, 
white muscles and l i v e r of two ca t - f i shes , namely, Wallagonia 
a t t u and Rita rj,ja were inves t iga ted . White muscle was r iches t 
i n prote in and ash concentrations followed by red muscle. IdLver 
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was poorest in these two constituents in the teleostean species, 
"but appeared to he the richest source of fat in case of Wailagpnja 
attu and cholesterol in hoth Wailagpnia attut and Rita rita; 
intermediate quantities of cholesterol occurred in the red muscle, 
led muscle contained higher amount of fat in Bita rita. White, 
muscle was found to possess least amount of fat and cholesterol. 
Quantitatively, water maintained an inverse relationship with 
fat in the three tissues of the teleosts. 
Fig. 7. Concentrations of MA (dotted bars) and MA 
(striped bars) in different tissues of Clarias 
batrachus. Vertical lines indicate standard 
error of mean. 
! 
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C H A P 0? E E I I 
DISBKEBUOION OP NUCLEIC ACIDS IN DIFFBEBNO! HSSUBS OF 
CLARE AS BASRACHDS ( H I , ) 
INiEEQDUCQIO-N 
An attempt has been made to present data on the concentra-
tions of MA and MA in different t issues, including those of 
heart , kidney, l i ve r and the skeletal muscle of CIarias batrachus 
i 
( M n n . ) . I n t e rp re t a t i on of the differences i n the r e l a t i v e 
amounts of the two nucleic acids in each of the t i s sues i s also 
an important outcome of t h i s study. 
IIAflBBIAIS AND MBIH0D3 
( See under •FEOCEDUSE AID IffiQHOMOGI' ) . 
EBSUL3B AND DISCUSSION 
Concentrations of SNA and DNA i n the ske le ta l muscle, 
hea r t , kidney and l i v e r of CI a r i a s batrachus have "been given i n 
!pable I I and shown i n P ig . 7. Die appl icat ion of Chi-Square (X ) 
t e s t revealed marked <F< 0.001) heterogeneity i n the d i s t r i bu -
t ion of nucleic acids i n di f ferent t i s s u e s . Highest concentra-
t i on of ENA was recorded i n the l i v e r , followed by the kidney, 
hea r t , and lowest values were encountered i n the f lesh ( ske l e t a l 
muscle). Since the concentration of ENA i n t i s sues i s known to 
he an index of metabolic ac t i v i t y (Brachet, 1955; Les l ie , 1955), 
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the s ign i f i can t ly higher values of SNA i n l i v e r , an important 
sea t of metabolic functions, and r e l a t i v e l y lower concentration 
of t h i s nucleic acid i n t i s sues l i k e ske le ta l muscle and those 
of kidney and heart-which are more act ive mechanically are quite 
obvious. 
03he pa t te rn of MA d i s t r ibu t ion seemed to d i f f e r from 
tha t of ENA i n t h a t of a l l the t i s s u e s invest igated i t s highest 
value occurred i n kidney.- Mver was the organ with MA concen-
t r a t i o n next to kidney; the values then declined i n the order; 
hea r t - ske l e t a l muscle. Although var ia t ions in the actual amount 
of MA i n the individual c e l l s of the different somatic t i s sues 
could not be ruled out, the differences i n the MA concentrat ion 
were a t t r i bu ted to other factors a lso , such as the number of 
c e l l s / u n i t weight of t i s s u e , and polyploidy, t i s sues with 
l a rge r number of c e l l s i n a given weight and with higher ploidy 
are known to yield g rea te r concentration of MA (Les l i e , 1955; 
Mustafa, 1978b). Mustafa (1976) expressed the view tha t because 
of narrower dimensions of hepatic c e l l s i n comparison with muscle 
f i b r e s , l a rge r number of ce l l s contributing to the un i t weight 
of l i v e r can account for higher MA concentration i n t h i s organ, 
but since data on the exact c e l l u l a r dimensions i s not avai lable 
t h i s point can be outlined only as a pos s ib i l i t y and not a bas is 
of specif ic i n t e r p r e t a t i o n v i s - a -v i s heterogeneity i n MA 
d i s t r i b u t i o n i n f i sh t i s sue s . Vendrely (1955) documented t h a t 
frequency of polyploid ce l l s and degree of polyploidy of 
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Individual c e l l s i n a t i s sue are related to metabolic a c t i v i t y . 
33ie same author reported for l i v e r as containing a l a rge r 
population of three kinds of nuclei - diploid, t e t r ap io id and 
octaploid and for kidney as having only d-iploid nuc le i . Despite 
t h i s , however, the lover concentration of MA i n l i v e r than the 
kidney only ind ica tes that factors other than polyploidy can poten-
t i a l l y exert on overriding influence i n determining the MA 
concentration. Creelman ft IBomlinson (1959),also published r e su l t s 
L- c 
of the nucleic acid analyses on s o ^ eye salmon which are 
consis tent with the present data "but avoided any comment on 
possible bas is of the differences i n the WA concentration 
between l i v e r and kidney. 
I n a l l the nucleic acid inves t i aa t i cns a t the t i s s u e 
l e v e l , one can not loose s igh t of the effect of differencesin 
the r e l a t i ve amounts of "both ex t race l lu la r and i n t r a c e l l u l a r 
mater ia ls (Other than nucleic ac ids ) , since they contr ibute to 
the samples used for analyses. Any increase in these substances, 
spec ia l ly the water, on freshwater ba s i s , w i l l , invar iably 
amount to a so-cal led * d i lu t ion effect* on the nucleic acid 
concentrations (amount/unit weight) ra ther than t h e i r contents 
i n individuals c e l l s . 
0!he highest WA/MA r a t io was found i n the case of ske le ta l 
muscle (3 .556) . Although th i s t i s sue was poorest i n MA as well 
as D1A, "but the amount of MA re l a t i ve to MA was much lower \ 
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and hence the high MA/*® A r a t i o . 5he ra t io for the l i v e r was 
2.142, implying tha t MA was a l i t t l e more than twice as much 
concentrated as the MA. Bie proportion of MA to DNA i n the 
hear t was even l e s s than tha t in the l i v e r ; the r a t i o "being 
only 1.329 . ©ie lowest r a t io was encountered i n the kidney 
(0.744) where the MA concentration even exceeded tha t of the 
MA. 
S U M M A R Y 
MA and MA i n the ske le ta l muscle, hear t , kidney and 
l i v e r of CI a r i a s ba+ranhma were assayed quan t i t a t ive ly . Marked 
heterogeneity which characterized the d i s t r i bu t ion of nucleic 
acids has been in terpre ted in d e t a i l . !Ehe WA/1MA r a t i o s for 
the various t i ssues invest igated were evaluated to bring to 
l i g h t the differences in r e l a t ive proportions of the two nucleic 
acids in the t i s s u e s . 
Fig . 8. Concentration of MA (dotted bars) and MA 
( s t r iped bars) in the flesh of male and female 
specimens of Clarias batrachus. 

C H A P T E R I I I 
SEX LINKED DIFFERENCES IN THE CONCENTRATIONS OF ERA AND MA IN 
THE FLESH OF CLARE JS BATRACHUS ( H I . ) IN THE RECOVERING SPENT 
INTRODUCTION 
The present study was designed to present information on 
the differences re la ted to sex, i n the concentrations of RNA 
and DNA i n the f lesh of Clarias batrachus during the period of 
i t s recovery af te r spawning. 
MATERIALS AND METHODS 
(See under 'PROCEDURE AND METHODOLOGY ) 
RESULTS AND DISCUSSION 
Concentrations of RNA and DNA i n the f lesh of Clarias 
batrachus belonging to the two sexes i n t h e i r recovering spent 
phase have been presented in Table I I I and Pig . 8 . The sex-
associated differences i n the two const i tuents are evident from 
the data . Concentration of RNA i n male was a l i t t l e higher as 
compared to tha t i n the female, whereas reverse condit ion 
existed vis-a-wvis the DNA. The differences between the two 
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vsexes were, however, not s t a t i s t i c a l l y s ign i f ican t ( f o r MA, t = 
0.088, x 2 = 0.144, P 0.10j for MA, t = 0,676, x 2 = O.663, 
P > 0.10). This absence
 0 f s igni f icant d i f ference Showed,apart 
from other f ac to r s , a remarkable recovery from the effect of 
deplet ion due to ripening of gonads in the case of females. 
I t has been shown both e x p l i c i t l y and imp l i c i t l y tha t 
deplet ion of the c e l l u l a r const i tuents such as prote in , fa t and 
carbohydrate from the muscle takes place during sexual matura-
t i o n of f i sh (Fontaine & Hatey, 1953; Chang & I d l e r , i960; I d l e r 
& Bi tners , 1960? Mc Bride .et a l . i960; Yanni, 1961; ©jessing, 
1963; Khawaja & J a f r i , 1967 a ,b , 1968; Mustafa & J a f r i , 1977; 
Medford & Mackay, 1978; Mustafa, 1978a). The cause of deplet ion 
iden t i f i ed include the diversion of these substances towards 
gonad bui ld- ,up and decline or even complete cessat ion of feeding 
a c t i v i t y . The inves t iga t ions carried out by Mustafa (1977b) 
revealed a steady decline i n the MA concentration with progress 
i n maturation and i t was documented tha t SNA i n the f lesh l i k e 
other organic cons t i tuents , was also not spared from the profound 
influence of sexual maturation. The effect i s known to be 
p a r t i c u l a r l y more pronounced in the females where gonad develops 
to a proportion much grea te r than the t e s t e s i n the male f i shes . 
There appears no scepticism about Love's (1970) genera l iza t ion 
tha t i f the gonad of one sex occupies a l a r g e r proportion of 
the body in comparison with the gonad of the other sex, then 
tha t sex wil l he more depleted. 
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Although the authors have not come across with any 
spec i f i c report on nucleic ac ids , the s tudies carr ied out by 
several workers i n the past (Belding, 1934; Kordyl, 1951; 
Fontaine & Hatey, 1953; Chang & I d l e r , 196O; Bentley & P o l l e t t , 
1965; Ziecik & Siawinski, 1965; Khawaja & J a f r i , 1967 a,b) on 
the biochemical effects of sex differences have c l ea r ly brought 
to l i g h t tha t female fishes loose considerably l a rge quant i t ies 
of protein , fa t and glycogen from , muscles and v i sce ra than do 
the males and deposit these substances i n the gonads. These 
evidences lead one to bel ieve that decline of EN A i n the female 
during maturation in a l l probabi l i ty must be more severe as 
compared to males, but proximity i n the concentration of t h i s 
nucleic acid in the two sexes i n recovering spent phase could 
r e su l t when the muscle of female i s i n possession of a higher 
i n i t i a l concentration of MA, p r io r to the onset of maturi ty . 
I n case t h i s being a r e a l i t y , i t can but be an adaptation of 
the f i sh to withstand the subs tant ia l loss of MA from the 
muscle, i n the process of maturation, so tha t MA remains i n 
amount jus t suff ic ient to meet the indispensable metabolic 
needs requis i te for surv iva l . The importance of MA i n metabolic 
a c t i v i t i e s has been conclusively proved e a r l i e r (Les l i e , 1955; 
Mustafa & J a f r i , 19?6 a, 1977; Mustafa, 1977a,b, 1979 a f h ) . 
Another l i n e of reasoning in favour of the concept tha t the 
females tend to rapidly recover, soon a f t e r spawning, the SKA 
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l o s t from muscle, can fee "based on*gene de-repression*, a 
phenomenon in which genes under ce r t a in conditions st imulate 
the MA to s t a r t MA synthes is . The pos s ib i l i t y of t h i s 
phenomenon during the course of act ive gonad build-up was 
ruled out by Mustafa (1977 b) on the ground tha t a s t a t e of 
* physiological emergency* due to the disrupt ion of metabolic 
a c t i v i t y i n f lesh was not conducive to the operation of t h i s 
de l i ca te process. However, i t i s quite l i k e l y tha t resumption 
of ac t ive feeding, an end to breakdown or t r ans fe r of c e l l u l a r 
cons t i tuents and above a l l r e s to ra t ion of what can be termed 
as * dynamic equilibrium or * physiological normalcy* i n the body 
make the conditions conducive to gene-de-repression. Perhaps, 
a l a rge r quantity of ENA '..arises i n the female ep igenet ica i iy 
through t h i s mechanism, whieh can be likened t o a genet ic ' feed 
back regulation* of MA biosynthesis i n the f i sh body. 
The s l i g h t l y (P>0.10) higher'DIA concentration i n the 
muscle of female specimens of d a r i a s batrachus as compared to 
the male, can be viewed as a consequence of l a r g e r number of 
c e l l s / u n i t weight of the muscle sample, ra ther than the actual 
difference between the two sexes i n the DNA content of t h e i r 
muscle c e l l s . I t has been emphasized i n the foregone discussion 
t h a t the females are more affected by the sexual maturation and 
despi te that they tend to make-up the losses more ac t ive ly but 
the recovering spents of CI ar ias batraiehus invest igated have 
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obviously recovered markedly but not en t i r e ly . As a sequel to 
t h i s depletion of sol id components of the muscle, chiefly 
pro te in , f a t , carbohydrate, there i s reduction i n the weights 
of the individual c e l l s , more i n the female, and consequently 
a l a rge r number of ce l l s were required to meke a un i t weight of 
t i s s u e as against a smaller number of l e s s depleted muscle 
c e l l s of male cons t i tu t ing equivalent weights of the samples 
used for chemical analyses. That the BIA concentration i n a 
t i s s u e sample i s re la ted to the number of c e l l s present i n i t 
i s something well establ ished (Hotchkiss, 1955; l u s t a f a , I977a,b, 
1978 b ) . Another important outcome of the present inves t iga t ion 
i s the d i s t i nc t i on between the so-cal led * cause- and effect ' 
r e l a t i ons with respect to va r i a t ions i n the nucleic ac ids . 
Di f ferent ia l deplet ion suffered by the two sexes due to sexual 
maturation ac tual ly causes differences i n the EN A content of 
the c e l l s of males and females, but seems incapable of \ 
causing any change i n the MA content of the ce l l nucle i ; the 
sex-re la ted var ia t ions i n the concentration (amount/unit weight) 
o r ig ina te as a difference in the magnitude of the effect of t h i s 
phenomenon for the reasons discussed e a r l i e r . This proves the 
metabolic s t a b i l i t y of BIA as an adaptation on the par t of the 
l i v i n g matter to keep i t s b iological her i tage i n t a c t i f i t has 
to minimize the pa r t i c ipa t ion of the genetic mater ia l i n the 
wasteful equ i l i b r i a which involve the breaking down and r ebu i l -
ding of a la rge number of c e l l u l a r cons t i tuen t s . 
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The pos s ib i l i t y tha t differences i n the degree of poly-
ploidy in the muscle of male and female also account for difference 
i n the DNA concentration i n the two sexes seems untenable to 
author inasmuch as the degree of ploidy i s knoui to he re la ted 
to the leve l of metabolic a c t i v i t y (Vendrely, 1955) and the 
ske le t a l muscle being more of a mechanical nature , the argument 
of the sex-re la ted differences i n the metabolic a c t i v i t y of 
muscle can not hold ground. 
S O M A S ! 
Sex-linked differences i n the concentrations of ERA and 
"BUSTA i n the f lesh of the recovering spents of 01 a r i a s batrachus 
were inves t igated. The ENA concentration was higher in male 
i n comparison with the female, while a reverse condition was 
seen for MA, These differences have been in te rpre ted i n 
d e t a i l . The pos s i b i l i t y of 'gene-de-repression* during 
recovering spent phase of the ca t - f i sh has been outl ined and 
l ikened to a feed-back mechanism of the MA-biosynthesis i n the 
f l esh . 
C H A P T E R IV 
SEX-LINKED DIFFERENCES IN CHOLESTEROL AND GLYCOGEN CONCENTRATIONS 
IN THE LIVER OP CLARIAS BATRACHUS (LINN.) IN RECOVERING SPENT 
PHASE 
INTRODUCTION 
I t has "been shown exp l i c i t l y and impl ic i t ly tha t -various 
l i f e processes of f i sh exert such a profound influence on the 
biochemical const i tuents in the body that .chemical analysis of 
f i sh t i s sues without any consideration of the i n f l uen t i a l 
i n t r i n s i c factors can lead to faul ty r e s u l t s . In view of t h i s 
recent years have witnessed considerable i n t e r e s t in the inves-
t i ga t i ons of the changes in the concentrations of severa l 
biochemical const i tuents l ike RNA, DNA, prote in , f a t , ash e t c . 
in r e la t ion to l i f e a c t i v i t i e s but the dynamics of the turnover 
of glycogen and cholesterol associated with various maturi ty 
s tages of f i shes , v i z . , Immature v i rg ins , Maturing vi rg ins or 
Recovering spents , Ripening, Ripe and spent has not been 
adequately worked out, although the physiological ro les these 
two chemical const i tuents play during the breeding cycle make 
t h e i r study quite important. An attempt was, the re fore , made 
to present information on the sex-linked differences in the 
glycogen and cholesterol concentrations in the l i v e r of Clarias 
batrachus in i t s • recovering spent* phase and to cor re la te them 
with the process of sexual maturation of the two sexes . 
JPig. 9. Concentrations of glycogen (black bars) and Choles-
t e r o l (dot ted bars) in the l i v e r of male and female 
specimens of Clarias batrachus. Ventrical l i nes 
indica te standard e r ror of mean. 
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MATERIALS AID METROS 
(See under •PROCEDURE AND METHODOLOGY1) 
RESULTS AND DISCUSSION 
Concentrations of glycogen and cholesterol in the liver 
of male and female recovering spent specimens of Clarias 
batrachus have "been presented in Table IV and Fig. 9. Sex-
linked differences in the two constituents are evident from 
the data. While glycogen concentration was 47.897$ higher 
in the female as compared to the male, the cholesterol level 
was 28*071$ higher in the male sex. It appears that when 
active feeding resumes soon after spawning the female fishes 
tend to lay down greater reserves of glycogen in the liver. 
This may be an adaptation to withstand the transfer of larger 
quantities of liver glycogen for build-up during subsequent 
maturity phase, of the ovaries which develop to a proportion 
more than 10 times that of the testes in case of Clarias 
batrachus. Studies carried out earlier by Fontaine &, Hatey 
(1953) and Chang & Idler (i960) also revealed preferential 
depletion of liver glycogen during maturation. Chang & Idler 
(i960) and lanni (1961) traced the passage of this polysa-
ccharide towards the gonads and observed its accumulation 
there. 
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In addition to higher concentration of glycogen (amount 
per unit weight) the total amount of hepatic glycogen in the 
female fish is also large because the liver in this sex 
occupies a greater proportion of body weight (hepato-somatic 
index = 1.438 ± 0.145) than in case of male (hepato-somatie 
index = 1.218 ± 0.087). This is an added advantage enabling 
the fish and more precisely the liver, to provide, without 
getting exhausted to a critically damaging level, substantial 
quantities of glycogen required for development of spaceous 
gonads. The maintenance of the structural and functional 
integrity of the liver is thereby ensured. 
Since cholesterol is the precursor of steroid sex 
hormones, the differences in the concentration of this 
derived lipid in the liver of male and female recovering 
spent specimens of the fish can be explained in the light of 
the differences in the amounts of harmones, namely, androgens 
and estrogens, synthesized in the two sexes. 
The lower cholesterol concentration in the recovering 
spent female can be accounted for in view of the possibly 
bigger turnout of the sex hormones in them during the breeding 
season, involving the transportation of considerable quantities 
of the parent steroid and also because of the greater demands 
of this substance in the oogenesis as compared to spermatogenesis 
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in the male (Grant, 1962) . 
It seems from the above discussion that unlike liver 
glycogen whieh after suffering a more serious depletion in 
the female during ripening of gonads is also replenished at 
a faster rate soon after the resumption of active feeding 
activity following spawning, the replenishment of cholesterol 
is a ..slower process. The role of diet in determining the 
concentration of cholesterol in the liver, just as that of 
the glycogen must not, therefore,"be underestimated. 
The possibility of the sex-related differences in the 
* feed-back* mechanism regulating the biosynthesis of cholesterol 
can also be considered particularly since the existence of 
this mechanism has been documented by Siddiqui (1966). The 
phenomenon might be more delicate in the males. 
Sex-linked differences in the concentrations of 
cholesterol and glycogen in the liver of Glarias batrachus in 
recovering spent phase were investigated. Glycogen concen-
tration was higher in female as compared to the male whereas 
the concentration of cholesterol was higher in male. Sex-
linked differences have been interpreted in detail. Higher 
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concentration of glycogen in the liver of female fish has "been 
attributed to the larger accumulation of glycogen in the liver 
and diversion of its considerable quantity towards the gonads 
during maturation. The differences in the concentration of 
cholesterol in the liver of male and female recovering spent 
specimens of fish can he explained on the basis of the quanti-
tative differences in the biosynthesis of steroid sex-hormones. 
Lower concentration of cholesterol in female appears related 
to the bigger turnout of the sexrhormones during breeding 
season and because of greater demands of this substance in 
oogenesis as compared to spermatogenesis in male. 
C H A P T E R V 
SEX-LIltCED DIFFERENCE IN FAT CONCENTRATION IN THE LIVER OF 
CLARIAS BATRACHUS (LINN.) IN RIPENING STAGE OP ITS GONAD. 
INTRODUCTION 
Information on the sex-linked differences in the concen-
t r a t i o n s of RNA, DNA, glycogen and cholesterol in the l i v e r of 
Clarias batrachus in recovering spent phase has been presented 
e a r l i e r (Vide Chapters I I I , IV). The r e su l t s of a fur ther 
study on the difference in the l i v e r fat concentration in the 
two sexes of the ca t - f i sh during ripening stage of i t s gonads 
are described here . Pat was selected "because of i t s dynamic 
na ture . I t can serve as a sens i t ive too l in the assessment of 
the general condition of the f ish or i t s individual organs, 
espec ia l ly the l i v e r . I t can be presumed tha t evaluation of • 
fa t dynamics in l i v e r can ref lec t the pat tern of turnover of 
many other biochemical const i tuents of t h i s organ which serves 
as an important seat of a wide var ie ty qf metabolic a c t i v i t i e s , 
MATERIALS AND METHODS 
( S e e u n d e r 'PROCEDURE AND METHODOLOGY} 
Fig . 10. Fat concentration in the l i v e r of male and female 
specimens of Clarias "batrachustVertjcal l i nes 
indica te standard er ror of mean. 
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BESULTS AHP DISCUSSION 
It is obvious from the data given in Table V and plotted 
in Pig. 10 that the male and female specimens of Clarias 
batrachus with gonads in ripening phase differ in the concen-
tration of fat in their liver. Females seemed to have a 
little higher amount of fat in comparison with the males. 
However, the differences were not statistically significant 
(t = 1.048, P > 0.10). Since the transfer of nutrients from 
liver and some other somatic tissues towards gonads commences 
with their build-up and the more voluminously the gonad, deve-
lops the more severe will be the depletion of the organs which 
supply their constituents, The fact that ovaries grow to a 
considerably greater proportion than the testes, the female 
liver will obviously be more depleted than that of the male. 
The females in an attempt to withstand diversion of large 
quantities of fat and other biochemical constituents of their 
liver, without hampering the normal functioning of this organ 
also tend to accumulate substantially higher amounts of energy 
reserves before the maturation and growth of gonads set in
 t 
Concordant view has been expressed for glycogen (vide Chapter 11). 
The absence of significant sex-linked difference in 
concentration of liver fat obviously implies that a marked 
differential in the percentage of this energy rich nutrient 
which must have been established in the recovering/recovered 
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spents of f i sh i s offset of difference in the quant i t ies of 
fa t t ransferred from the l i v e r and accumulated in the gonads. 
Decline in the hepato-somatic indices of both male 
(1.203) and female (1.307) in the ripening phase of t h e i r gonads 
from values in the recovering spent male (1.218) and female 
(1.438) in i t s e l f indicates depletion of the l i v e r . Besides 
f a t , other cons t i tuen ts , pa r t i cu la r ly the glycogen, also con-
t r i b u t e notably to the t o t a l weight of the l i v e r , and hence 
a l t e rna t ions in the hepato-somatic index wi l l undoubtedly imply 
quant i ta t ive var ia t ions of many of them. 
A comparative view of the data fur ther reveals tha t 
hepato-somatic indices of females in recovering as well as 
r ipening stages are higher than those of t h e i r male counterparts 
in the respective phases. This extends support to the author ' s 
findings tha t females accumulate l a rger amount of the reserve 
in t h e i r l i v e r than the males during the period of recovery 
following spawning, and t h a t they continue to possess g rea te r 
quant i t ies of nu t r i en t s in the ripening phase. However, 
"because of the drainage from l i v e r of r e l a t i v e l y l a rge r amounts 
"biochemical const i tuents in case of female than the male for 
"building up of the gonads (as outl ined ea r l i e r ) the magnitude 
of difference in the fat and other reserves i s reduced and so 
i s the case with the hepato-somatic index (coeff ic ients of 
dif ference, male versus female: in recovering phase 1 0.3059* 
i n ripening phase = 0.2619). 
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S U M M A R Y 
Difference associated with sex in the l i v e r fa t concen-
t r a t i o n was analysed in Olarias batrachus during r ipening stage 
of the gonads. Apart from i t s greater concentration, the t o t a l 
amount of fa t in the l i v e r of females was l a rge r than the males 
because of higher value of hepato-somatic index in t h i s sex. 
The biochemical data has been in terpre ted in the l igh t of known 
fac t s of biology of f i sh . 
C H A P T E R VI 
HEPATO-SCMATIC INDICES OF SOME FRESHWATER TELEOSTS IN RECOVERING 
SPENT PHASE. 
INTRODUCTION 
Dynamics of change in the hepato-somatic index of f i sh 
has "been studied e a r l i e r . The changes have "been correlated 
with the feeding in t ens i t y of the f ish (Heidinger & Crawford, 
1977). The temperature has also been reported to be an 
i n f l u e n t i a l fac tor (Dean & Goodnight, 1964; Heidinger & 
Crawford, 1977). Judd & Cross (1966) indicated the existence 
of a re la t ionsh ip between season and l i v e r weight in fed 
channel ca t - f i sh ( Ic ta lu rus punctatus^. 
In the present study the nepato-somatic indices of 
some freshwater t e l e o s t s , namely Mvstus v i t t a t u s . Puntius sopho-fre 
Channa punctatus and Colisa fasc ia ta were determined and 
interspecific differences interpreted. 
MATERIALS AND METHODS 
(See under 'PROCEDURE AND METHODOLOGY*) 
RESULTS AND DISCUSSION 
The values of hepato-somatic index of Puntius sophpre, 
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Mvstus vittatus. Channa punctatus and Colisa fasoiata have 
"been shown in Table VI. The data reveals appreciable inter-
specific differences. Highest value of hepato-somatic index 
was found in Puntius sophore followed by Mvstus vittatus. 
Channa punctatus and Colisa fasciata. 
Many fishes are known to store significant amounts 
of fat and glycogen in liver (Hoar & Eandall, 1969). Varia-
tions in the quantity of these chemical constituents chiefly 
aecount for variations in the liver weight. During sexual 
maturation fat and glycogen are known to be diverted towards 
building up of gonads in preference to other organic substances. 
The differences in the values of hepato-somatic indices in 
the immature virgin stage of fishes are due mainly to the 
differential depletion of these energy substances during the 
ripening of gonads. Higher values of hepato-somatic index in 
Puntius sophore and Mvstus vittatus can be taken to imply that 
the depletion in these species must be higher, necessatating 
the accumulation of reserves on a large scale to supply them 
in required quantities at the time needed while at the same 
time maintaining the metabolic integrity of depleted organs. 
The lower values of hepato-somatic index were observed in 
Channa punctatus and Colisa fasciata. which invariably point 
towards accumulation of considerably smaller amount of chemical 
reserves, and indicate that the iripening of gonads in these 
species does not make heavy demands over the hepatic glycogen 
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and fat. May be that these nutrients are drawn from several 
other tissues of the body which can afford their transfer on 
a scale substantially higher than liver. 
Some of the other factors which^can influence the hepato-
somatic index include the feeding activity and composition of 
eggs. Higher hepato-somatic index may be explained on the 
basis of higher feeding activity either as a seasonal phenomenon 
or due to the greater availability of the preferred food to 
particular species as well as the appetite of the fish. The 
interspecific differences in hepato-somatic indices may also 
be attributed to the differences in the relative concentrations 
of fat and glycogen in ripe eggs. The eggs of species built up 
of large quantities of protein and smaller amounts of fat and 
glycogen obviously involve a less severe depletion of fat and 
glycogen from liver inasmuch as the proteins are supplied by 
other somatic tissues of body; the liver being a poor source 
of this organic constituent. The condition is just the 
reverse in those species where eggs are with large percentage 
of fat and glycogen whose important seat is the liver. The 
genetic basis of the differences in hepato-somatic indices 
and chemical composition of the liver can not, however, be 
ruled out. It may be added that appreciable differences do 
exist in the size and weight of liver in the various teleos-
tean fishes. 
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S U M M A R Y 
Hepato-somatic indices of Mvstus v i t t a t u s . jPun t iu s 
sophore. Channa punctatus and Colisa fasc ia ta were inves t iga ted . 
Marked in t e r spec i f i c differences were observed. The values 
of hepato-somatic index were higher in Puntius sophore and 
Mvstus v i t t a t u s as compared to those in Channa punctatus and 
Colisa f a sc i a t a . These differences have been in terpre ted on 
the basis of var ia t ions in the feeding a c t i v i t y of f i sh and 
d i f f e r en t i a l depletion of fat and glycogen of the l i v e r as a 
consequence of sexual maturation and diversion of these 
substances towards bui lding up of gonads. 
C H A P T E R 711 
RNA CONCENTRATION IN THE -ELESH AND LIVE! 01 CLARIAS BATRACHUS 
(LINN.) IN RELATION TO PONDERAL INDEX AND LIVER CONDITION. 
INTRODUCTION 
There i s current ly much in t e r e s t in cor re la t ion of the 
nucle ic acid concentration in different t i s sues of f ish with 
the soH&tic and organ condition. The ult imate objective i s t o ! 
suggest the use of nucleic acid levels as sens i t ive biochemical 
too l of assessing the growth ra tes which are dependent chief ly 
on prote in "biosynthesis. The present study was designed t o 
report the r e l a t i on , i f any, of RNA concentration in the f lesh 
with the ponderal index and tha t between RNA values and l i v e r 
condition (as expressed through hepato-somatic index) in Clarias 
batrachus. 
MATERIALS AND METHODS 
(See under • PROCEDURE AND METHODOLOGY*) 
' RESULTS AND DISCUSSION 
Preliminary wo3k on for ty specimens, of Clar ias batrachus 
revealed no regular progression of RNA concentration in the 
i n t e r n a l organs with ponderal index. The data never theless 
Fig. 11. BNA concentration in skeletal muscle in relation 
to ponderal index in Clarias fratrachus. 

Fig. 12. ENA concentration in l i v e r in r e la t ion to hepato 
somatic index in Clarias batrachus. 
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indicated a strong relation between RITA values in the liver and 
condition of this organ and that between RNA in the skeletal 
muscle and ponderal index of the fish. These findings warran-
ted against attempts to seek out hard and fast relationships on 
the pattern of regression models between the turnover of 
biochemical constituents of different somatic tissues and 
condition factor of the intact fish. The results further 
emphasized the utility of taking into account the concentra-
tions of the organic constituents in an organ in relation to 
the condition of that particular organ. It can also be presu-
med that in quantitative studies on the biochemical constituents 
of the flesh, consideration of the * fillet condition factor* 
rather than the condition factor of the whole fish which 
characterized the present piece of work will yield more fruit-
ful results, even though the skeletal muscles contribute a 
major portion of the body weight and changes in the muscle 
mass invariably influence the condition factor of fish, 
I n
 Clarjas batrachus the author observed that the 
concentrations of RHA in the flesh and liver maintained positive 
correlation with the ponderal index and hepato-somatic index, 
respectively, (Table VII, Figs. 11, 12). RHA concentration in 
the liver was 408.672 ug/100 mg in specimen/with minimum hepato-
somatic index (1.054) recorded during the present investigation, 
whereas it was as high as 774.048 ug/100 mg in an individual with 
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highest of a l l the hepato-somatie index (1.414) encountered. 
Concentrations of EHA in the f lesh were found to range from 
120,384 ug/100 mg to 230.208 ug/100 mg in fishes with ponderal 
index varying from O.635 - 0.728. 
A survey of l i t e r a t u r e revealed tha t RNA concentration 
in white muscle of cultured ee l , Anauilla japonica has also 
been reported to maintain a corre la t ion with the condition 
fac to r of f ish (Satomi & Tanaka, 1978). Through regression 
models Mustafa (1979a) demonstrated the r e l a t ionsh ip of RHA 
concentration in flesh with the protein "biosynthesis and 
1
 f i l l e t condition factor1 in case of an a i r -b rea th ing pond 
murrel , Channa punctatus. Use of EBA as an ind ica to r of recent 
growth r a t e of f i sh was pointed out. Concordant view has a lso 
been expressed e a r l i e r by Bulow (1970) and Buckley (1979 a,b) 
who worked on golden shiners (ffotemigonus crvsoleucas1) and 
At lant ic cod (Gadns morhua^. respect ively and inoticed constancy 
i n DHA but profound var ia t ions in BSA in muscle re la ted to 
h igher feeding r a t e , protein biosynthesis and growth. 
Regarding the l i v e r , the findings of DeYlaming (1971), 
Edwards jet a l , (1972) Tyler & Dunn (1976) and Bulow et a],. 
(1978) leave no doubt tha t changes in the weight of t h i s 
organ as indicated by var ia t ions in hepato-somatie index 
maintain a s t r i k i n g l y close re la t ionsh ip with the r a t ion s i ze 
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and food ass imila t ion and above a l l the condition index of 
"body weight. Results of the s tudies carr ied out by Bulow (1971), 
Satomi & Ishida (1976) , Bulow et a l . (1978) and Satomi & Tanaka 
(1978) revealing d i rec t r e l a t ion between hepato-somatic index 
and RHA content per uni t weight of hepatic t i s s u e provide 
support to the present findings on Olarias batrachus. 
S U M M A R Y 
Concentrations of RflA in the f lesh and l i v e r of Clarias 
batrachus were found to bear posi t ive corre la t ion with the 
ponderal index and hepato-somatic index, respect ive ly . The 
r e su l t s have been interpreted in the l igh t of the ava i lab le 
fac ts and the importance of quant i ta t ive data of EHA. in seeking 
information on the growth process of f i sh has been out l ined. 
Fig. 13. Concentrations of ENA and Wk in the white muscle 
of Wallasonia a t tu of two size-groups. Ver t ica l 
l i nes indicate standard e r ro r of mean. 
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C H A P T E R V I I I 
QUANTITATIVE VARIATION IN RNA AND DNA IN THE WHITE MUSCLE 01 
WALLAGONIA ATTU (SCHN.) DURING GROWING PHASE. 
INTRODUCTION 
This chapter reports quant i ta t ive changes in RNA and 
DNA in the white muscle of the so-cal led freshwater shark 
Wallagpnia a t t u (Schn.) during i t s growth in the pre-maturity 
phase. 
MATERIALS AND METHODS 
(See under PROCEDURE AND METHODOLOGY*) 
RESULTS AND DISCUSSION 
As can be seen from Table VIII and Pig. 13 tha t concen-
t r a t i o n s of RNA and DNA in the white muscle of the specimens of 
Wallagonia a t tu of I size-group were 104.161 ug/100 mg and 
20,933 ug/100 mg, respect ively , whereas in I I size-group 
individuals the concentration of RNA was 134.763 ug/100 mg and 
t h a t of DNA was 17.419 ug/100 mg. Evidently, growth i n body 
length of Wallagonia a t tu was :accompanied by an increase in the 
l e v e l of RNA and decrease' in the amount of DNA/unit weight of 
muscle t i s s u e . This increase in RNA during growth seemed to be 
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re la ted to increase in the consumption of food by f i sh . More 
voluminous food intake by f ish during growth in ear ly l i f e has 
been regarded by Love (1970) as to meet the increasing metabolic 
requirements of the growing body. Rise in ENA level with meta-
b o l i c a c t i v i t y i s in keeping with the views expressed e a r l i e r 
(Mustafa, 1977a; see also chapter II) concerning the corre la t ion 
between ENA concentration and functional s t a tus of t i s s u e s . 
Further , s ince pre-maturity phase of f ish i s charac-
te r ized by the most ac t ive growth, increase in ENA which ac ts 
as template in protein b iosynthes is , i s a p re - requ i s i t e to sus ta in 
the growth process. She other fac tor which can also account for 
increase in ENA concentration during growth of ^al lagonia a t t u 
appears to be the change-over from a less proteinaceous diet to 
a more proteinaceous one. Change in the food spectrum of t h i s 
species has been reported in an e a r l i e r communication (Ansari & 
Mustafa, 1978). l]hat the concentration of SNA in t i s sues i s 
re la ted to the amount of food consumed, especia l ly the proportion 
of prote in , has been reviewed by Brachet (1955) and Les l ie (1955). 
Enhancement of ENA biosynthesis as a consequence of the s u b s t i -
tu t ion of low protein diet by protein r ich food in case of Channa 
punctatus was documented by Mustafa & Ja f r i (1977). 
The apparent decline in IMA concentration by lengthening 
of body i s probably a manifestacion of decrease in the number of 
c e l l s which contribute to un i t weight of muscle sample. IChis i s 
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so because during enlargement of "body length there occurs 
increase in the size of cells rather than their number and 
consequently the quantity of DIA in unit weight of muscle tissue 
is expected to reduce to half, when the fish doubles its body 
length, since this results in halving the number of cells in 
unit weight of tissue (Love, 1970). However, present data 
leaves no doubt that M A amount is not reduced to half, because 
its ratio in muscle of the specimens of larger (II) sizergroup 
to the smaller (I) size-group is greater than 0,5 (precisely 
0.832). The conclusion which can be derived from this finding 
is that during growth of muscle cells M A is synthesized and this 
obviously compensates to some extent the decline in its concen-
tration due to reduction in the number of cells per unit weight ) 
of tissues. The hypothesis presented by Love (1958) that a 
given amount of M A can control only a definite amount of cyto-
plasm, and additional quantity must be synthesized when cyto-
plasmic volume increases beyond a certain limit in ~ growing 
cells, extends support to the finding on Wallagonia attu. 
Concordant views have been expressed by Mustafa (1977 a) for 
some freshwater carps. A comparison of the present data with 
the values of ENA and UNA in these teleosts reveals interspe-
cific differences. In addition to differences in the preformed 
amounts of the nucleic acids, having a genetic basis, the 
interspecific variations may be attributed to a number of a 
other factors. 
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Inasmuch as B9A concentration fluctuates widely with 
the nutritional status, stage of growth and other conditions 
of life, showing even marked interspecific variations, the 
differences in .the M A which is a relatively more stable compo-
nent could owe their origin to differences in the number of 
cells forming given weight of muscle samples. Since all the 
species of fishes analysed belonged to different body lengths, 
lengths and weights of muscle fibres must differ, and one can 
but expect differences in the number of cells/unit weight of 
tissue, which is known to be quite influential in determining 
the M A concentration at tissue level. Another factor to be 
considered is polyploidy whose effect on DMA concentration has 
been documented by Leslie (1955), Giese (1973), Mustafa (1978b). 
But interpretation of interspecific differences on this basis 
will be unreasonable because of the fact that polyploidy is 
linked with the level of metabolic activity of cells (Vendrely, 
1955) and white muscle of all the fishes is identical in perfor-
mance of function which is of the same mechanical nature. 
Eatio of M A in Wallagonia attu of the two size-groups 
(Il/I) was calculated to be 0.832, which is higher than such 
ratios reported by Mustafa (1977a) for Catla qatla (0.744) and 
Labeo rohita (0.752). Obviously, interspecific differences exist 
in the amount of M A that arises epigenetically during growth in 
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c e l l s i ze when f ishes double t h e i r body length. On a comparative 
b a s i s , a higher r a t i o in Wallagonia a t tu implies tha t l a rge r 
addi t ional quantity of MA i s required for physiological in tegra -
t ions in the ca t - f i sh , resembling in t h i s respect with Labeo 
bata where the r a t i c was found to be 0.842 (Mustafa, 1977a). 
S U M M A R Y 
Changes in the concentrations of UNA and DBA in the white 
muscle of Wallagonia a t tu during i t s growth were inves t igated. 
Increase in UNA and decrease in MA were observed when f i sh 
doubled i t s body length. These quant i ta t ive var ia t ions i n 
nucle ic acids have been interpreted in d e t a i l . The data was 
compared with the values of BIA and MA reported for o ther 
t e leos tean species and in te r spec i f i c differences were discussed. 
C H A P T E R I X 
EVOLUTION OF TBLE03TEAN FISHES AS DISCERNED BY UNA CONTENT OP 
RIPE EGGS. 
INTRODUCTION 
-An unprecedented in te res t has "been generated in the 
assessment of phylogenetic and evolutionary re la t ionships among 
dif ferent organisms through the estimation of c e l l u l a r DNA 
content. As a resu l t of the determined effor ts of comparative 
biochemists in te res ted in genetics and evolution, some probable 
phylogenetic l ines of different animals have been es tabl ished. 
But insofar as t h i s approach t o introduce biochemical techniques a 
Bide from the ra ther conventional morphological c r i t e r i a i s 
more recent much more work needs to be done in t h i s f i e l d . In 
f ishes such biochemical s tudies are mostly confined to ce l l u l a r 
DNA content of red blood ce l l s and sperms (Mirsky & Ris , 1951; 
Hinegardner, 1968, 1976; Wolf et a l . 1969; Hinegardner & Rosen, 
1972). In the present chapter the r e su l t s of analysis of DNA 
content of r i pe , unspawned and unfe r t i l i zed eggs of three f resh-
water te leos tean species , namely, Mastacembelus armatus (Spiny 
eel) , Rita r i t a (Cat-fish) , Channa punctatus (murrel) , are 
presented; In addition to interpreting the interspecific 
differences an attempt has been made to document the applicability 
of the data in discerning the nature of evolutionary process in 
f ishes. 
Fig. 14. MA content of the eggs of Channa punctatus 
(A) , Rita r i t a (B) and Mastacembelus amatus 
(C) Vert ical l ines indica te standard e r ror of 
mean. 
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MATERIALS MD METHODS 
(See under "PROCEDURE AND METHODOLOGY") 
RESULTS AND DISCUSSION 
The resu l t s of the analysis of MA contend of r i p e , 
uns pawned and unfe r t i l i zed eggs of Hastacembelus armatus
 t S i t a 
r i t a and Channa punctatus have "been presented in Table IX and 
Fig . 14. The data shows appreciable in t e r spec i f i c differences. 
The egg ce l l s of both Mastecembelus armatus and Rita r i t a contain 
s ign i f i can t ly higher (P < 0.001) amount of MA in comparison 
with the c e l l u l a r DMA content of the eggs of Channa punctatus. 
Hinegardner (19^8) , Hinegardner & Rosen (1972) and Hinegardner 
(1976) have correlated the ce l lu l a r MA with evolutionary s ta tus 
of f i sh and documented thac a reduction in MA has occurred 
during the evolution of f i shes . The hypothesis i s based on the 
fact tha t more advanced and evolved species of t e l e o s t s tend 
to loose par t s in t h e i r anatomy and spec ia l ize the retained 
p a r t s . Thus according to th i s theory the primit ive fishes have 
a la rge number of p a r t s , p a r t i c u l a r l y the bony elements,compared 
to more evolved t e l e o s t s . This reduction of parts evidently 
derives the animals towards spec ia l iza t ion . Insofar as the MA 
governs the phenotype of the organisms, i t i s obvious t h a t MA 
for l o s t par t (s) becomes inac t ive , with no role to play in natu-
r a l se lec t ion and i s , therefore , u l t imate ly deleted. Obviously, 
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fishes with larger amount of cellular DMA are considered more 
primitive and are presumed to have passed through less evolu-
tionary changes in reaching the present form, while fishes with 
less quantity of cellular M A have passed through relatively 
more evolutionary stages. It follows from this interpretation 
that the landmark for differences in morphogenetic pattern is 
in fact laid down in the eggs of different fish species. The 
M A synthesis during the maturation of the oocytes is known to 
play, later on in subsequent development, a role in specific 
•gene de-repression' (Brachet, 1967) which contributes to the 
maintenance of hereditary destiny of particular fish species. 
Large amount of haploid M A content in case of Rita rita 
indicates the retention of primitive characters in this cat-fish 
and shows that this species has evolved rather slowly for a long 
period. This assumption is supported by a glimpse of the anatomy 
of Rita rita. The fish is characterized by the presence of a 
conspicuous bony armour which is rather unusual among most of the 
freshwater teleosts forming the local ichthyofauna. This fish 
is provided with massive head in relative proportion to the body. 
The dorsal surface of head is equipped with strong bony plates 
with prominent granulations. Conspicuous, flat bony plates 
are also present on the lateral sides of the head and considerably 
beyond it. The dorsal and pectoral fins are associated with stout 
spines. A detailed description of the bony armour is given by 
Day (1958). By the possession of bony armour, developed to this 
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degree, the fish shows affinities with more primitive 'ancestral 
stock. Evidently, the species has not diverged to any great 
extent from parental plan of organisation, representing a 
lineage which has evolved slowly over a long stretch of time. 
However, the chemical investigations on the spiny eel (Mastacem-
belus armatus^ which is devoid of such a bony exoskeleton and 
also appears to have progressed in a specialized direction with 
serpentine body, adapted to burrowing in mud and concealing in 
submerged objects, revealed the DNA content even higher than 
that in case of Rita rita. It is quite possible that both the 
species have not exhausted their evolutionary potential and 
are in the process of slow evolution. It also signifies that 
the presence of a bony armour is only one of the several 
factors to be considered while discerning the evolutionary 
status of a fish. If the assumption of Britten & Kohne (1968) 
that a large fraction of M A is redundant to various degrees 
is given credence, one can seek to justify the significant 
interspecific differences on the basis of the differences in 
the proportion of the redundant DNA. Comparatively small amount 
of cellular DNA in the eggs of Channa punctatus besides indica-
ting that the teleost has discarded all or most of the redundant 
M A also implies that murrels have evolved rather rapidly, 
exhausting more of their evolutionary potential. This is evident 
by the fact that these air-breathing fishes are quite well 
adapted to their environment; they are abundant in all types 
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of freshwater hab i ta t s and t o l e r a t e a wide range of environ-
mental conditions which are not conducive to most other f ish 
species . 
MA contents of r i pe , unspawned and unfe r t i l i zed eggs 
of some f ishes were analysed in an attempt to galvanise the 
int roduct ion of biochemical techniques in es tabl i sh ing the 
probable phylogenetic and evolutionary l ines of different 
groups of t e l e o s t s . The average values of MA (ug/egg) were 
found to be 0.140, 0.723 and 1.181, for Channa punctatus. Rita 
r i t a and Mastacembelus armatus, respect ively. Fishes with 
l a r g e r amount of c e l l u l a r DMA were considered to represent a 
primit ive condition and showed tha t they have evolved very 
slowly over a long period. The lower amount of MA as seen in 
the eggs of the murrel invest igated indicated tha t the species 
has passed through a number of evolutionary s t ages , leading 
to the development of adaptations enabling i t to withstand 
adverse environmental conditions. The r e su l t s were fur ther 
discussed in the l igh t of the avai lable facts and some new 
conclusions have been derived. 
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TABLE VII 
RN&. CONCENTRATION IN FLESH IN RELATION TO PONDERAL INDEX AND 
THAT IN LIVER IN RELATION TO HEPATO-SOMATIC INDEX IN CASE OF 
CLARIAS BATRACHUS. 
PONDERAL INDEX RNA CONCENTRATION IN FLESH 
( ug / 100 mg) 
0.635 
0.661 
0.710 
0.728 
120.384 
141.504 
204.864 
230.208 
HEPATO-SOMATIC INDEX RNA CONCENTRATION IN .LIVER 
( ug / 10% mg) 
1.054 
1.129 
1.161 
1.228 
1.348 
1.414 
408.672 
425.268 
431.904 
645.216 
694.848 
774.048 
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